by Rutherford. The professor of mathematics was Horace Lamb, the hydrodynamicist; Chapman felt that his lectures had become too highly polished with frequent giving, and was stimulated more by the less polished lectures of J. E. Littlewood, who arrived fresh from Cambridge in his last year. Chapman had developed a taste for mathematics, and stayed on for a year after completing his engineering degree to take a further B.Sc. in mathematics. He was advised by Lamb that to become a professional mathematician he needed to go on to Cambridge. He therefore tried for a scholarship at Trinity College; he was awarded a sizarship, being promoted to a full scholarship after one year. Those who knew him at Manchester have described him as a very shy young man, though he also made some lifelong friends.
Despite his two Manchester degrees, Chapman was still only twenty when he went up to Cambridge in 1908. The beauty of the place and its unspoilt surroundings came on him as a revelation, even though with his background he sometimes felt out of place. He later said that he felt that he first began to live at Cambridge. Among those he met there were Sir Joseph Larmor, G. H. Hardy, A. N. Whitehead, Bertrand Russell and L. Hogben.
Because of his previous studies he was able to complete his degree examinations in two years, but he had to follow an approved course of study for a third year to get the degree. Thus during that year he was able to turn towards mathematical research. He was not sure whether he wanted to work on pure or applied mathematics; certainly the applied problems which Lamb suggested did not appeal to him. Two or three of his early papers were in fact on the theory of summable series, one written jointly with Hardy on work begun even before he took his final examinations. He was, however, also encouraged by Larmor to turn his attention to the problem of capillary flow of gases and, without realizing what he was taking on, began to think about the fundamental unsolved problems of the kinetic theory of gases.
Before Christmas during his third Cambridge year, he was surprised to receive a visit from Frank Dyson, the Astronomer Royal, who was on the look-out for a promising young man. The outcome of that visit was an offer of appointment as a Senior Assistant at the Greenwich Observatory, a position attractive both financially and as regards status. Chapman had not previously envisaged a career in astronomy. However, he took the post; his appointment dated from the middle of December 1910, so that for six months he was doubling the roles of Cambridge student and Greenwich assistant, and doing a good deal of research in the train between the places. Though he was not to become a full astronomer, his move to Greenwich proved decisive in determining his future interests. Attached to Greenwich there was a magnetic observatory, which at this time was needing reconstruction. Dyson put him in charge of the reconstruction. This brought him face to face with the problems of geomagnetism, and Schuster, as a member of the Greenwich Board of Visitors, further stimulated his interest in these problems.
At Greenwich, Dyson gave Chapman every encouragement, and he entered fully into the work of the Observatory. Beside the actual observing,
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Biographical Memoirs he was given the task of interviewing applicants for employment in the lower ranks of the observatory staff; he was also (for two or three years) an editor of the Observatory magazine. He enjoyed the contacts with the interesting people he met there-Eddington (a senior colleague), Pickering, Lowell, Slipher, Moulton and Hale among others. He was able to produce two or three astronomical papers, especially on star counts (though he had in 1917 to confess that differences between his results on such counts and those of other workers were due to an undetected numerical error on his part). Thus his time at Greenwich was not unhappy. However, he did not feel that he was a good observer, and he did not want to subordinate all his other interests to astronomy; in particular, he wanted to complete the work he had begun on the kinetic theory of gases. Also he did not relish the prospect of the administrative work which might ultimately have fallen to him at Green wich. Accordingly in 1914, after a stay of less than four years, he returned as a college lecturer (at a reduced salary) to Trinity College, where he had already since 1913 been a non-resident research fellow, having (also in 1913) been Smith's prizeman of the University of Cambridge.
While at Greenwich, through church contacts, Chapm an was put in touch with a boys' club in a slum area in Bermondsey. He began to take part in running a Boys' Brigade company there; later (1912) he gave up his com fortable quarters near the Observatory to live at the club, sharing a room with the senior officer in his Boys' Brigade company. He was at camp with the boys when the First World W ar broke out, shortly before he was to return to Cambridge.
In the war, his religious principles made him a pacifist. He was asked to do scientific war work, but after some hesitation declined to do so. When con scription was introduced in 1916, he was luckier than many pacifists in being given absolute exemption from military service, Dyson and Larmor testifying to his sincerity. Then, since students at Cambridge had become few and the Greenwich staff was depleted, he was invited to return to Greenwich in an honorary capacity, staying there until a month after the end of hostilities. He found that his pacifist connections made him unwelcome at the boys' club where he had worked; instead he took charge of children's work for the local Labour Party. Later he volunteered for ambulance work in France, but was rejected as a pacifist. He felt the strain of maintaining unpopular views, the more so when Cecil Hall, his senior officer and room-mate at the boys' club, was killed in action. For this reason he was subject to depression for some years after the war was over.
By this time he had acquired a considerable scientific reputation, and in 1919 he was elected Fellow of the Royal Society. In the same year, after only a few months back in Cambridge, he was invited to succeed Lamb, his former professor, at Manchester. He was at Manchester for the years 1919-1924, and had to face the problems of teaching students whose prime interests were not mathematical. His lectures were most carefully prepared, as might be expected of one of his methodical habits; however, he did not always 56 succeed in getting down to the level of his students, e.g. when asked to provide, without preparation, solutions to problems set to engineers. In 1924 he accepted an invitation to become chief Professor of Mathematics at the Imperial College. He was succeeded at Manchester by E. A. Milne, a friend and former pupil, who had worked with him on upper-atmosphere problems at Cambridge. One trace of their cooperation appears in the vector and tensor notation used by Chapman in The mathematical theory of non-uniform gases, and by Milne in his Vectorial mechanics.
A highly significant event during his time at Manchester was Chapm an's marriage, in 1922, to Katherine Nora Steinthal, daughter of the Honorary Treasurer of the University. She was a charming lady, and did her best to second her husband in his work, even when it took him (and sometimes her) far afield. They were very happy together until she died in 1967, after one or two years' ill health during which Chapman looked after her devotedly. They had three sons and one daughter.
When he came to the Imperial College in 1924, Chapman found a much divided mathematics department; there was mathematics for engineers and mathematics for scientists, but little evidence of mathematics as a unified subject. He later described the department he found as resembling more a rather ill-equipped engineering department than a modern department of mathematics. He set himself to bring unity into the department, and to broaden its outlook. It took some years to accomplish. He was early seconded by men like H. Levy and W. G. Bickley; later he was to have in turn G. Temple, W. H. McCrea and W. G. Penney (a former student) under him. Students specializing in mathematics were relatively few, but good. They often thought that the great man was unapproachable, because of his normally reserved manner, and asked Levy to act as intermediary; those who did venture to approach him, however, were surprised at the kind and understanding way in which they were regularly received.
The subject set for the Adams Prize Essay at Cambridge for 1927-1928 was probably chosen with Chapman in mind: it was 'The theoretical interpretation of geomagnetic phenomena'. Chapman sent in an essay (he had begun work on it by 1925) and was duly awarded the prize. In 1931 he gave the Bakerian lecture, his title being 'Some problems of the upper atmosphere'. In 1934 he was awarded a Royal Medal of the Royal Society 'for his researches in the kinetic theory of gases, in terrestrial magnetism and in the phenomena of the upper atmosphere'.
It was in 1930 that I first met him. E. A. Milne, who was my research supervisor at Oxford, had set me to develop a 1928 hypothesis of Chapman on the supposed radial limitation of the Sun's magnetic field; instead, in 1929 I disproved his hypothesis. He was not the man to bear malice; far from it, he offered me my first post. Before our first meeting I had had some corre spondence with him, and imagined him as a grave and venerable person. He was actually then 42, about the same age as Dyson when he first came to call on Chapman at Cambridge. But whereas Chapman had then written to Biographical Memoirs his parents of his surprise when he walked into his room and found an 'old m an' sitting on his sofa, what impressed me about Chapman was his un expectedly youthful and vigorous appearance.
The characteristics that later became legendary were already well deve loped in him in 1930. Continuing habits begun in Cambridge, and further stimulated by experiences during the general strike of 1926, he regularly cycled to work, often stopping on his way for a swim at Wimbledon Common. He likewise cycled about Europe, always ready to sleep in a sleeping-bag under the stars. His was a disciplined life, with every part kept in its place, down to his files and the secretary on whom he so much relied. Though still self-contained, he enjoyed meeting people, and talked easily with them. Others in turn sought him out, knowing that he regularly had something worthwhile to say. His lecturing style tended to be pedestrian, though workmanlike (unlike that of E. A. Milne, my Oxford supervisor, who could be brilliant). Thus when I heard Chapman lecture at the British Association in 1931, I was at first disappointed; not until later did I appreciate how packed with relevant information his talk had been. There was a simple directness about his mode of expression, which often concealed deep thought.
In 1934 Chapm an was visiting professor at Cairo for three months after an invitation conveyed by Professor Mosharrafa, whom he had met in London. Not only was it an interesting experience, but it also led to his having a succession of Egyptian students come to work with him.
As the 1930s wore on, Chapman made no secret of his distaste for Hitler, friendly as his feelings were towards German scientists like Adolf Schmidt and Julius Bartels. His awareness and dislike of Nazism came earlier than that of most British people because of discussions with young Germans in Youth Hostels while on cycling tours. Pie did what he could to help refugee scientists, receiving a number into his house for short periods on their first arriving in England, and scouting round to find posts or research grants for them. He felt it was a compliment when he heard, after the end of the Second World War, that he had been on H itler's black list. He had modified his views-perhaps Hitler had helped-and was no longer a pacifist when that war broke out. He undertook civilian war work; in 1942 he worked with G. I. Finch on incendiary bomb problems, and then (1943) (1944) (1945) he worked at the W ar Office on problems of military operational research. Hismethodical nature and capacity for marshalling facts made him a valuable member of his group; he also revealed an unexpected toughness in standing up to generals (though he was careful later to say that he found most of them charming people). He worked extremely hard and his health suffered a little from the strain; he was not sorry to leave in 1945.
During the war he had striven to maintain his contacts with science. He gave two delightfully simple but constructive presidential addresses to the Royal Astronomical Society in 1942 and 1943. In 1942 he stimulated the Gassiot Committee of the Royal Society to sponsor a group of researches on radiation and its effects in the upper atmosphere. W hat he did in the later Sydney Chapman years of the war was, however, chiefly a sign of his determination; not even he could keep two full-time jobs going.
The Imperial College to which he returned in 1945 was very different from that which he had left. There had been many changes, including the retirement of Miss Taylor, the secretary on whom he had grown to rely. Levy, who had been carrying on in Chapman's absence, was now senior to him; Chapman was not the person to take offence at this, but others might have thought it anomalous. Also the department needed remodelling to meet post-war needs, and the responsibility for its remodelling would fall to Levy. Accordingly, when an invitation came to join Milne and become Sedleian Professor of Natural Philosophy at Oxford, Chapman was ready to accept, and he moved there in 1946.
He appreciated the gracious living at Oxford (as did his father, who spent his last years with him there). However, he did not appreciate the almost total lack of secretarial assistance when he first arrived, which compelled him largely to be his own secretary; nor did he appreciate the relatively secondary status he found allotted to science. He tried to extend the appreciation of science by giving general science lectures to non-scientists; he also supervised one or two research students, notably F. D. Kahn and K. C. Westfold. However, his time at Oxford was marked by no exciting new advances. Though he was still active in research, his chief contribution to science was becoming that of an elder statesman, as the inspirer and counsellor of others.
In 1950-1951, perhaps in preparation for the future, he spent a year in America, at the California Institute of Technology; he also visited the new Geophysical Institute at College, Alaska, with which he retained a connexion after his return. He had already resolved that he would not let himself be retired when he attained the official retiring age. Accordingly in 1953 (then aged nearly 65) he resigned his Oxford chair to return to a post in Alaska (where he helped the Institute to establish its research school). In 1955 he added to this a similar post at the High Altitude Observatory, Boulder, Colorado, officially sharing his time between there and Alaska. In practice the two became the bases to which he returned when not paying visits elsewhere. His 'retirement' had set him free to wander; wander he did, over the whole world.
He paid an annual visit of two or three weeks to Britain; he was visiting professor for short periods at a number of American universities, notably those of Michigan and Minnesota. He also visited the developing countries. He was visiting professor at Istanbul in 1954 and at Ibadan in 1964; he also paid a second visit to Cairo in 1963. There were numerous other shorter visits, e.g. to Prague (1960) and Tokyo (1961) . In 1962 he went to Russia as Royal Society exchange professor. His wife sometimes accompanied him, sometimes not; she also enjoyed the novel experiences, the more so because she saw him enjoying them.
In many respects the most important of his activities after his 'retirement' were those connected with the International Geophysical Year. He had been
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Biographical Memoirs a member of the U .K . National Committee for the International Polar Year of [1932] [1933] , but took no prominent share in its activities. He was involved in the IGY right from the start, when in 1950 a further Polar Year was proposed by L. V. Berkner at a dinner party given by J . A. van Allen, at which Chapm an and other distinguished geophysicists were guests. He helped to extend the concept into that of a broader International Geo physical Year. In 1953 he was pressed to become president of CSAGI, the special committee for organizing the IG Y ; he accepted only after initial hesitation, because he did not then know what secretarial help he might expect after leaving Oxford. Once he had accepted, he threw himself whole heartedly into publicizing the nature and value of the project, and securing the cooperation of groups in all countries. He gave what would have been full-time attention in most men to the preliminary organization and co ordination of efforts; later on, he also undertook duties as reporter of the IGY auroral results. As he always insisted, the IGY was a cooperative effort, the credit for which belonged to no one single m an ; but the magnitude of his share in its organization was generally acknowledged.
In 1968, to celebrate his eightieth birthday, his friends all over the world contributed to a volume Sydney C h a p m a n 80, from his friends, sponsor by the Universities of Alaska and Colorado, and the University Corporation for Atmospheric Research. This was not a festschrift, but a personal tribute. It contained assessments of his work in different fields by some of his associ ates, the text of three autobiographical lectures covering mainly his life up to 1930, and a variety of tributes, pictures and anecdotes illustrating his personal characteristics. All the favourite anecdotes about him were there; how, after receiving the Royal Medal and attending the Anniversary Dinner of the Royal Society (full evening dress, with decorations) he declined a lift home through fog, saying 'I came by bicycle'; how Mrs Chapman and he cycled along the Pasadena and Hollywood freeways to keep a social engage ment since, though notices forbade motorcyclists and pedestrians, they forgot to mention pedal cyclists; how he attended a high-powered Washing ton conference in steaming heat wearing shorts and sandals, believing that coolness came before protocol; how he took numerous younger men swim ming, often in icy water, and outswam them; how he would walk long distances, with or without company, along city streets or snow-covered forest tracks, in Alaskan cold or Indian heat, on the level or up the mountains of Colorado or Peru; and so on. (Chapman gave up cycling after 1953; he was always 'too busy not to take a swim', and was doing his daily half-mile when 80; to his walking prowess all his friends can testify.)
He continued active to the last. In 1964 he was awarded the Copley Medal of the Royal Society. In 1970, when editions were published of two books in which he had a share, he was working on four other books. He was a little troubled by deafness, and complained that his memory was not what it had been (though it remained very good by ordinary standards). He showed no other signs of failing powers; to his friends it seemed as if he might go on for ever. A letter to me in April 1970 spoke of his intention to attend and speak at the Royal Astronomical Society Sesquicentenary celebrations at the end of June. On 7 June he had a long walk with A. A. Ashour, who was working with him at the time. On 9 June he first complained of not feeling well; on 12 June a doctor was called in, and at once sent him to a local hospital. There despite his being in real pain, his chief anxiety was lest he might miss giving the R.A.S. talk. However, on 15 June he suffered a heart attack and sub sequent stroke; he died on 16 June, without recovering consciousness. He would have wished so to die in harness. He had enjoyed his 'retirement'; he said to me in the letter of April 1970: 'It has been a great pleasure to continue to work with younger energetic men, and to have some fine Ph.D. pupils, at a time when I might have been in my rocking chair.'
In giving an account of Chapman's original work, a strict chronological order cannot be observed. He followed several distinct lines of research, each for periods extending over a number of years, though not continuously; often several different lines were being pursued simultaneously. I shall not consider in detail certain minor lines, like his early work on summable series or star counts, or the papers about 1925 on crystal structure (a subject in which Bragg had interested him at Manchester).
The first of his major lines of research referred to the kinetic theory of gases. Its object was the determination, in terms of the forces between molecules, of explicit expressions for the coefficients of viscosity, thermal conduction and diffusion in a gas. The problem was a classical one which had been posed by Maxwell and Boltzmann, but solved by them only for the particular case of Maxwellian molecules-point masses repelling each other with forces inversely proportional to the fifth power of the distance. Boltzmann was so impressed by the difficulty of finding a general solution that he said one must almost despair of finding it. After Boltzmann, Lorentz had obtained a solution for a special limiting type of gas-mixture; the general solution remained out of reach.
Boltzmann's work was based on his celebrated integro-differential equation; Maxwell's was based on an equation of change of molecular properties, derived independently by him, but equivalent to a weighted mean of Boltzmann's equation, the weighting function depending on the particular molecular property studied. Chapm an's work began with a paper which (after some difficulty with a referee) was published in 1912. The paper assumed an approximate expression for the velocity distribution function, involving arbitrary constants which were determined by substituting it into special cases of Maxwell's equation of transfer. The referee (J. H. Jeans) pointed out that Chapman's assumed expression was correct only for Maxwellian molecules, and refused to agree that Chapman's results had any general validity. The paper was published only after a mildly favourable second report by Lord Rayleigh.
Chapman recognized that Jeans's criticism had a sound basis, and that his results provided only a first approximation to the truth. In 1915-1917 he found a complete solution, essentially by a method of successive approxima tions, taking progressively more terms in his expression for the velocity distribution, and determining the unknown constants in this by using further special cases of the equation of transfer. He found that the errors in his 1912 results were usually surprisingly small, though not negligible. He was able also to identify a new phenomenon, that of gaseous thermal diffusion (this had not been found by Maxwell and Boltzmann because the thermal diffusion coefficient vanishes for Maxwellian molecules). Once more there were difficulties with Jeans, who as referee suggested that thermal diffusion must be so slow as to be negligible in importance. Chapman was able to persuade a chemist (F. W. Dootson) to carry out experiments which clearly demonstrated the importance of thermal diffusion in quite ordinary circum stances. This convinced Jeans; from then on he and Chapman held each other in high regard.
Chapm an always felt a father's pride in thermal diffusion, and in later years he often returned to consider its properties in more detail. In 1919 he was suggesting its use in separating isotopes, and he was delighted when, twenty years later, K. Clusius developed a remarkably effective method of separating isotopes (and other gases) in his thermal diffusion column. The converse thermo-diffusion effect (also predicted by Chapman) was not isolated experimentally by L. W aldmann until about the end of the Second World War.
David Enskog in Sweden had partly anticipated Chapman, in that in 1912 he identified thermal diffusion in the limiting form of gas-mixture that Lorentz had studied. In his doctoral thesis in 1917, Enskog published results essentially equivalent to those of Chapm an's 1915-1917 papers, obtained by a method based on Boltzmann's equation and the theory of integral equations. Enskog's discussion was more systematic than Chapm an's, but the final expressions derived by the two were identical; their agreement was com forting to physicists who wished to use the results without studying the rather complicated papers in detail. Chapm an's approach had resembled that of an engineer, guided by physical intuition and seeking a method that would work; Enskog's was that of a mathematician seeking maximum rigour and elegance. The two were fused together in The mathematical theory o f nonuniform g a s e s , and are known jointly as the Chapm an-Enskog method. The 1915-1917 papers completed Chapm an's work on the fundamentals of gas-theory, apart from a little tidying up; he then set about applying the theory. In 1920, with Milne, he was considering diffusion in the upper atmosphere and, with G. H. Livens, the effect of diffusion on the damping of sound waves; about the same time he gave a first estimate of the electrical conductivity of the ionosphere. In 1922 and 1928 he applied the theory to ionized gases in stars; his discussion rested on a rather crude assumption about the cut-off distance for electrostatic interactions, but later work has not altered his results so far as orders of magnitude are concerned. In a number of notes-e.g. in 1917, 1919 and 1929-he discussed the properties of thermal diffusion, and explained its possible uses. A detailed discussion of the characteristics of thermal diffusion was given in a 1940 paper, in which he established the possibility of a reversal of sign as the composition is varied -a phenomenon later observed by K. E. Grew. In 1956 he gave an authori tative account of the theory of the electrical conductivity of the ionosphere, superseding earlier work, and in 1958-1960 he returned to consider ionized gases, particularly in connexion with the solar corona and the interplanetary medium. Chapman always believed that theory was incomplete until correlated with experiment.
Chapman early wished to expound the Chapman-Enskog theory in a book, on which he began work while at Manchester. The pressure of other work soon convinced him that he must find a collaborator if the book was ever to be finished. J. E. Lennard-Jones, for a short time a lecturer under Chapman, was invited to be this collaborator, but soon gave up. In 1931, soon after I had come to work under him, he gave me his unfinished m anu script to read; on my expressing my interest and admiration, after some thought he invited me to help complete it. About one-third of what finally appeared in The mathematical theory of non-uniform gases was there, embodying the basic ideas. He largely left me free in completing it, simply making suggestions from time to time of further topics that might be included. However, he was a ruthless reviser of what I wrote, always ready to cut out a word or phrase not strictly necessary, and from him I learnt much about the art of constructing pregnant sentences. He could not always find time even for the revision, and all of the book was rewritten at least twice; thus it did not finally appear until 1939. The book filled a need, and appeared essentially unchanged in form for thirty years; it was befitting that a substantially revised edition finally appeared in 1970, just a month or so before Chapm an's death.
Chapman's work on geomagnetism began with three papers in Philo sophical Transactions in the years 1913-1915. These were concerned with the interpretation of the solar (S) and lunar (L) diurnal geomagnetic variations in terms of a 'dynamo' theory. This theory, which attributed the variations to currents induced in the ionosphere as a result of atmospheric tidal motions, was first advanced by Balfour Stewart and had been developed by Schuster. Much of Chapman's early work was in fact, an extension of that of Schuster. When he began work, the existence of an ionosphere had been confirmed by the observed possibility of long-range radio communication, but its proper ties were largely a matter of surmise; the existence of global atmospheric tides was not well established, at least for the lunar tide; and (as Chapman was to say in 1919) 'the efforts of magneticians' seemed 'unduly devoted to the accumulation of data, the time and labour spent in their discussion being proportionately less considerable'. Chapman had not only to develop and systematize the theory; he had also to collect and interpret the observations against which the theory was to be tested.
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His 1913 paper was a preliminary one; the theory given was an extension of that of Schuster, and was applied to L at just three low-latitude stations. Its main result was to identify the dependence of the variations on the phase of the moon. In 1914 he determined L at two higher-latitude stations-not without very considerable labour, since mechanical aids in reducing observa tions were virtually non-existent. The mere classification of observations according to lunar time, for example, had to be done by hand on great 'lunar sheets', by members of the Greenwich staff working in their spare time for no more than a little pocket-money. Chapm an expressed the hope that his work would serve 'as an incentive to the provision of data for a more accurate and detailed discussion by subsequent workers'. In 1915, as a test of the dynamo theory, he examined the dependence of L on the Moon's distance; he showed that, when freed from fluctuations depending on the M oon's phase, the observations were at any rate not inconsistent with the dynamo theory.
A massive paper in 1919 drew together and rounded off the previous work. It gave the theory in a far more developed and definitive form than earlier.
Observational results were given for twenty-one stations for S and for five stations for L. Both variations were analysed into their different harmonics, and the proportions contributed by currents flowing above and below the E arth's surface were found. The conductivity required in the ionosphere was estimated, the value obtained being several times larger than an earlier estimate by Schuster, though (like that estimate) it depended on the unknown degree of tidal amplification between the E arth's surface and the ionosphere. Chapm an also found indications that the tide in the upper atmosphere might be opposite in sign to that at the surface.
The work on S and L continued with a further paper in 1925, and two papers written jointly with J . M. Stagg in 1929 and 1931 . The first deter mined the effect of changes in ionospheric conductivity in increasing L in summer as compared with winter, and also at times of enhanced magnetic activity; as regards the latter increase, days of similar activity during the solar cycle were found to give similar values of L, differences over the cycle resulting from changes in the proportions of magnetically disturbed days. The other two papers made a similar study of Sq, the solar variation on magnetically quiet days. The summer Sq was found to be double that in winter, and there was also an increase in the ratio 3 : 2 between sunspot minimum and maximum.
His work on the dynamo theory led Chapman to study the lunar atmos pheric tide. Laplace had attempted to isolate such a tide from the Paris barometric records, but the value he found was not statistically significant; Airy had concluded that no tide could be inferred from the Greenwich data at his disposal. When Chapman began his investigations, the tide was securely known only at tropical stations, where it is largest. In 1918 he succeeded, with immense labour, in determining the tide from sixty-four years of Greenwich barometric data, like the geomagnetic data reduced by Sydney Chapman hand. His success where Airy had failed was largely due to the reduction of background 'noise' by the subtraction of solar tidal effects, and the rejection of barometrically disturbed days.
Some twenty similarly laborious papers followed, extending over the next thirty years, in which the lunar barometric tide was determined for stations all over the globe. After a few years, hand tabulations were replaced by the use of Hollerith punched-card machines; but Chapman's work was largely completed before the advent of electronic computers, and was possible only to a worker with Chapman's systematic nature. A method of procedure outlined by Chapman & Miller in 1940 has been used in most subsequent work; this is applicable to any long series of observations in which an effect of known period is to be disentangled from other systematic or irregular variations (as, for example, in the determination of the lunar geomagnetic variation L). The Chapm an-M iller paper is highly mathematical in form, and at a joint IAGA/IAMAP lunar variations committee meeting in 1967 Chapman was asked if the practical application of the method could be more simply explained. The outcome was a paper by Chapman and S. R. C. Malin in 1970, giving an up-to-date account of the method with some improvements, and including a Fortran program for the computations.
Chapman made only one attempt to consider the theory of atmospheric tides. This (in 1924) referred to the solar tide, which is partly thermal, partly gravitational in origin. Assuming that temperature variations in the atmo sphere are due to heat convected upward from the Earth's surface, he found that the gravitational and thermal stimuli have roughly equal effects, and confirmed earlier suggestions that resonance with a free oscillation of the atmosphere is required to produce a semidiurnal tide of the size observed. As was explained in 1970 by Chapman & R. S. Lindzen in their book Atmospheric t i d e s , these results are now known to be incorrect; the importan thermal stimuli are those arising from heat absorbed by ozone, carbon dioxide and water vapour well above the Earth's surface, and require no strong amplification by resonance to give the observed effects.
Chapman in 1932 determined for Batavia the lunar tidal temperature variation, finding that pressure changes are adiabatic within the accuracy of the determination. In 1956, with Westfold, he reviewed the world-wide distributions of the mean solar and lunar atmospheric tides in amplitude and phase. However, the most authoritative account of atmospheric tides is that in the book by Chapman & Lindzen, cited above. During Chapman's time at Greenwich, Dyson drew his attention to the work of Maunder on the tendency for geomagnetic storms to recur after twenty-seven days, the mean period of rotation of active regions on the Sun. This set him working on theories explaining magnetic storms as produced by streams of charged particles emitted from the Sun. His first effort in that connexion (in 1918) was attached to a paper on the average characteristics of magnetic storms which extended an earlier statistical study by the Indian magnetician Moos. In this he divided the geomagnetic storm variations into 64 Biographical Memoirs a storm-time variation Dst independent of the longitude and a local-time variation SD , increasing the solar variation from S , its value on magnetically quiet days, to S + S D. He found that SD differed in form from Sq, so that S during a storm is not simply an enhanced form of that on a quiet day; also that SD had much the same form two days after the storm commencement as one day after, though smaller by then. He also showed that Dst, at least in low latitudes, can be interpreted as a compression of the field during the initial phase of a storm, and an expansion during the subsequent main phase.
This part of his paper had permanent value, unlike the rather sketchy 'theory' that followed it? This assumed (following Birkeland) the ejection from the Sun of a stream composed of particles with charges all of one sign. The geomagnetic field was supposed in the initial phase of a storm to be compressed by the impact of the stream on the outer conducting atmosphere, then expanded during the main phase by an electrostatic field acting on that atmosphere, due to charges brought up by the stream. The assumption of a stream of charges all of one sign, already criticized by Schuster, was attacked by F. A. Lindemann (later Lord Cherwell) on the ground that the electric fields involved would dissipate any such stream long before it reached the Earth. He proposed instead a macroscopically neutral stream of ionized gas. Chapm an at first resisted his arguments, believing that the aurorae that accompany magnetic storms are electric discharges demanding at least some measure of charge separation. However, he finally recognized the force of Lindemann's arguments, and began to think in terms of a nearly neutral ionized stream; but his first attem pt (in 1923) to construct a theory assuming such a stream lacked the fundamental idea that had to underlie any successful theory.
In 1927 he showed that minor geomagnetic disturbances add to Sq a diurnal variation similar to the storm variation SD , but smaller; they also produce an expansion of the geomagnetic field similar to that corresponding to Dst during the main phase of a magnetic storm, but again smaller. Thus he was led to extend the concept of SD and Dst to these minor disturbances, and so to assert that there frequently is present a disturbance magnetic field with average characteristics in regard to its variations in space and time which do not vary greatly in form as its intensity varies over a wide range. He also found that this disturbance field was both larger and more irregular at high latitudes than low; a reversal of the vertical component of the disturb ance field near the auroral zones (zones of maximum auroral frequency) suggested a concentration of electric currents flowing in the ionosphere in these zones. He attributed this concentration of currents to a local increase of conductivity, due to the precipitation of charged particles from the solar streams.
One of Chapm an's first students at the Imperial College was V. C. A. Ferraro. Staying on for research, he was set working by Chapman on the theory of magnetic storms. They first examined the properties of the solar streams; it was then, in 1929, that Chapman first described the 'rotating 66 garden-hose' geometry of such streams. They then turned to the interaction of the streams with the Earth's field, and at first made little progress. A crucial breakthrough came with the recognition that a stream must be a good electrical conductor, and that currents induced in its front face must shield the plasma behind this face from penetration by the geomagnetic field. In the subsequently developed language of magnetohydrodynamics, the stream pushes the magnetic field-lines before it. Earlier treatments had missed this point through considering only the motions of the individual particles, and not regarding them as constituting a continuum; to regard them as a con tinuum was so novel a concept that Chapman & Ferraro felt constrained to verify its correctness by working out a variety of simple illustrative problems.
Thus was born the Chapm an-Ferraro theory of magnetic storms. It was essentially a theory only of the initial phase, in which the geomagnetic field is compressed. Chapman & Ferraro sought to explain the main phase, during which the field becomes distended, in terms of a ring current surrounding the Earth, of the type first suggested by A. Schmidt and C. Stormer. However, their suggestion how the ring current might originate was unconvincing as well as rather vague. They correctly showed (as satellite observations con firmed much later) that in pushing back the geomagnetic field the parts of the stream nearest the Earth would be retarded, so that a hollow space-the magnetospheric cavity-would form round the Earth, enclosing its com pressed field. They suggested that a ring current might arise from charges repelled from electrically polarized surface layers of the cavity. This forma tion process, which they did not discuss in detail, is now recognized not to be in conformity with magnetohydrodynamic ideas or with observation. They were thinking in terms of a conventional ring-current, arising from the relative streaming of electrons and positive ions. Some years later, in 1941, they showed that such a ring-current is stable for purely radial displacements. Unfortunately it is unstable for general displacements, so that their theory of the main phase remained unconvincing.
The new theory was attacked by E. O. Hulburt, who had proposed a theory of magnetic storms and aurorae based on bursts of ultraviolet light. As Chapman pointed out, this hypothesis would not explain the energy and distribution of aurorae, the twenty-seven-day recurrence tendency of mag netic storms, or the time-lag by a day or two of a storm behind its apparent cause on the Sun (which suggested instead a stream travelling with velocity about 1000 km/s). At this time Chapman was unpopular with H ulburt's group for other reasons also. R. Gunn, a member of that group, had pro posed a theory of Sq based on the diamagnetism of charged particles in the ionosphere. Chapman pointed out in 1929 that the effects of such diamag netism, though resembling the observed Sq qualitatively, would be only about one-hundredth its size. Relations with H ulburt's group remained correct rather than cordial for some years; H ulburt was much later to refer to the Chapm an-Ferraro theory as possessing only historical interest.
A later rival theory of magnetic storms and aurorae was that of Alfven (1939), based on the assumption of a stream of high-energy particles moving independently in a polarization electric field and the joint magnetic field of Sun and Earth. The weak point here was the neglect by Alfven of co operative effects in the motion of stream particles. However, some of the mechanisms invoked by him were later used in completing the C hapm anFerraro theory by giving a more satisfactory theory of the main phase of magnetic storms. Alfven's theory is mentioned here as illustrating the fact that the C hapm an-Ferraro theory did not obtain unqualified acceptance in all quarters. O ther geomagnetic work by Chapm an between the two world wars included a discussion of the effects of electrical conductivity within the Earth, first touched on in C hapm an's 1919 Philosophical Transactions paper. In 1922, with T. T. W hitehead, he considered the effects of a surface conduc ting layer corresponding to a smoothed ocean. In 1930, with A. T. Price, he discussed the penetration of Dst and Sq into the earth, obtaining a first indication of the way the conductivity increases with depth (this work was later greatly extended by Price). Mention should also be made of an impor tant study in 1935, continued in 1938 with E. H. Vestine, of the ionospheric current-systems associated with magnetic storms; these relied heavily on data from the First (1882-1883) and Second (1932) (1933) ) Polar Years.
The two-volume epic Geomagnetism arose from C hapm an's Adams Prize essay, which he felt some obligation to turn into a book. Once again he could not do so until he found a collaborator. This was J. Bartels, whom he had got to know in England in 1925, and who became a considerable geomagnetician in his own right. Work on the book began in 1929. Because of difficulties of collaboration at a distance, they divided the chapters between them, each to write his own chapters and criticize the other's. Neither author worked continuously on the book, and it was not finally published until 1940. During the last months before publication, since war had broken out, Chapm an and Bartels had to communicate via J. A. Fleming, the head of the Carnegie Departm ent of Terrestrial Magnetism in Washington. Chapman also sent a copy of the book after its publication to A. Schmidt in Germany via Fleming. This led to trouble with those at W hitehall concerned with stopping trading with the enemy, though when he explained the full circum stances they finally said that if he had asked to be allowed to send it they would probably have consented.
In addition to the material contained in the Adams Prize essay, Geomagnetism embodied much subsequent work, and soon established itself as the standard treatise on the subject. I remember reading it in the corridor of a train packed with soldiers returning from Dunkirk. I found some chapters indigestible because so tightly packed with facts, but the general picture of geomagnetism which I derived came as a revelation. The book's influence on the development of geomagnetic science has been profound. Chapman had in 1936 preceded the main book with a short monograph entitled Terrestrial magnetism, giving a brief account of the known observational facts.
Before direct information was available, Chapman was endeavouring to infer the structure of the ionosphere from the L, Sq and Dst variations. He suggested in 1919, and again in 1920 and 1924, that there might be two ionized layers, a lower layer (or perhaps two layers) produced by solar ultraviolet light and responsible for the L and Sq variations, and an upper layer ionized by solar particles and associated with Dst. The lower layer he at first thought might be at a height of 50 km or less above the E arth's surface, but later (1929) realized that to give enough electrical conductivity it must be higher and fairly thick. In 1932 he suggested that it might be possible to distinguish between ultraviolet light and particles as ionizing agents by observations at a total solar eclipse. In 1935 Appleton and he reported on the results of eclipse observations; these showed decisively that the E and Fj layers of the ionosphere are due mainly to ultraviolet light, but gave less certain results about the F2 layer. The observations finally gave no support for Chapman's view that the Sq and Dst currents might flow in distinct layers; however, he remained convinced, from the Dst observations, of the existence at high latitudes of a highly conducting belt whose ionization was due to the impact of auroral particles.
Chapman's biggest contribution to ionospheric theory was made in his remarkable Bakerian Lecture in 1931. In this he broke new ground by con sidering the mechanism of formation of ionized layers in the atmosphere by solar ultraviolet radiation. He assumed an atmosphere of uniform tempera ture, ionized by monochromatic radiation, and deduced a layer structure closely resembling that of the actual E-layer. The basic idea was simple, so too were the results; on reading the lecture I felt that most of it was obvious. However, it was obvious only because Chapman had set it out so clearly. Ionospheric workers for many years were to refer to the Chapman layer as a standard layer to be compared with layers actually observed.
In the Bakerian Lecture, continuing earlier work of his on ozone, he also considered problems of the photochemistry of atmospheric oxygen. Despite completely inadequate information as to absorption coefficients, the tem perature of the upper atmosphere, and the intensity of solar ultraviolet radiation, he correctly found that atmospheric oxygen must be mainly atomic above a height of about 100 km. He also showed that the proportion of ozone in the atmosphere must have a maximum, at a height which he estimated as about 60 km (more recent work would decrease this height). He suggested that the green line in the spectrum of the airglow and aurorae originates in excitations of atomic oxygen when three oxygen atoms collide and two combine into a molecule, leaving the third excited. This suggestion (now generally accepted) was taken further in 1936 in a report written jointly with W. C. Price, in which they also showed that atomic nitrogen is only a minor constituent of the upper atmosphere, and considered the dissociation of water vapour. A little later (1938, 1939) Chapman considered a mechanism for the production of the night-time emission of the sodium D-line in the upper atmosphere.
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Chapm an's publications after the Second World W ar differed from those before in that, because of his recognized position as an elder statesman of science, he was continually being asked to lecture, write progress reviews, contribute to symposia or write chapters for joint volumes. All of his progress reviews were workmanlike, and some were masterly; in addition to those already mentioned on ionospheric conductivity and atmospheric tides, one may mention one on aurorae in 1966 (written with S.-I. Akasofu & A. B. Meinel) and several on magnetic storms. Inevitably, however, there was a good deal of repetition in these 'occasional' publications, and I shall not discuss them in detail.
Some part of C hapm an's post-war research was devoted to completing or tidying up work begun much earlier. At Oxford he did some abortive work on the theory of magnetization by rotation, proposed by P. M. S. Blackett, and later abandoned by him. He also collected and analysed evidence for the equatorial ionospheric electrojet first observed at Huancayo, a phenomenon to which he returned several times later. However, his more im portant post-war work began only after his move to the U.S.A. When he began work at the Alaska Geophysical Institute, he soon had as Ph.D. students M. Sugiura and then J . C. Cain. He found in his new surroundings a challenge stimulating him to further efforts, and a positive explosion of activity followed.
One subject he studied was the solar wind. He had always thought of the Sun as emitting streams from localized regions, and sporadically. In 1957 he pointed out that, because of its high thermal conductivity, the solar corona must extend out beyond the Earth, with a temperature still as high as a few hundred thousand degrees. Parker then pointed out that so hot an extended corona could remain static only if held in from without; since it was not held in, it must stream out in a more or less continuous solar wind, as inferred already by L. Biermann in 1951 from observations of cometary tails. The wind was in fact a natural extension of the solar streams of the Chapm an-Ferraro theory, and Chapm an recognized that the almost continual small geomagnetic disturbances even when magnetic storms are absent are to be interpreted in terms of the variable interaction of the wind with the magnetosphere. This connexion of the solar wind with Chapm an's 70 earlier work was recognized when he was asked to write a foreword to The solar w i n d , the report of the first NASA conference on the topic (1964). The main new strand in Chapman's work was concerned with aurorae, which he had ample opportunity of observing in Alaska. He had begun to publish exploratory papers on aurorae in 1952 (and earlier), but usually regarding them simply as an adjunct to magnetic storms. He was especially interested in reports of aurorae in low latitudes, and published a number of notes about these. His work in connexion with the IGY was especially con cerned with aurorae; he devised simple methods to assist visual observers, and his report on the IGY auroral results was a stimulus for his own work as well as that of others. Soon after the IGY, Chapman was joined by S.-I. Akasofu, a young geomagnetician who had already begun good work in his native Japan. Their collaboration over the next few years was remarkably fruitful, and one to which they contributed on more or less equal terms. Chapman was able to contribute his great experience; Akasofu, developing his ideas, pointed out where new facts demanded a reconsideration of Chapm an's earlier ideas, and so stimulated Chapman to vigorous thinking in his turn. When Akasofu joined him, Chapman was already seventy, but his intellectual and physical powers were unabated. In a letter to me Akasofu put i t : 'He worked as hard as a young graduate student until his death. ' Akasofu arrived just when an opportunity had arisen of completing the Chapm an-Ferraro theory of magnetic storms. S. F. Singer, basing his arguments on equations earlier used by Alfven, suggested in 1957 that the main phase of the storms might be due to a ring current provided by a belt of charged particles trapped in the magnetosphere, as a consequence of their diamagnetism and drift motions. Singer's discussion was incomplete, because of his neglect of some of the effects involved, but his suggested explanation in terms of a belt of trapped particles received support soon afterwards in the discovery of the van Allen belts. E. N. Parker had about this time given equations expressing Alfven's results in terms of magnetohydrodynamic concepts. Chapman suggested to Akasofu that he might try to use Parker's equations to derive the ring current. This he did, but in the meantime Parker and A. J. Dessler had put forward a magnetohydrodynamic theory of the ring current, explaining it as due to the effect of trapped solar particles in expanding the geomagnetic field. Such a ring current was not of the con ventional form considered earlier by Chapman & Ferraro, and so avoided the instability to which the latter had been subject.
As Chapman saw, Akasofu's work supplemented that of Parker & Dessler in giving a more exact calculation of the geomagnetic effect of belts of trapped particles. He therefore joined with Akasofu in a number of calcula tions of the effects of model radiation belts and their relation to geomagnetic disturbance, beginning in 1961. These at first referred to an axisymmetric Biographical Memoirs belt, but in 1964 they found themselves having to consider an asymmetric ring current. They also in 1961 considered the relation of the ring current to aurorae, suggesting that the existence of the current might lead to the appearance of a magnetic neutral line, instability at which could lead to an electrical discharge towards the auroral zones. As Parker pointed out, a trapped-particle belt leads to an expansion of the field but not to a reversal, at least for moderately steady belts; in some ways the most valuable part of their paper was the discussion of the morphology of aurorae which it contained. Nevertheless, the idea of magnetic instability near a neutral line was a valuable one, and was the subject of a 1963 paper with P. C. Kendall. More recent work has tended to emphasize the importance to aurorae of possible instabilities of a neutral sheet in the tail of the magnetosphere.
Throughout this period he was continuing his work on the morphology of magnetic storms. His 1960 paper with M. Sugiura substantially extended the results of his earlier papers up to 1952, in particular as regards the connexion between the SD (or Ds) and Dst variations. W ith Akasofu he considered in a num ber of papers a more detailed classification of magnetic storms, dis tinguishing the different types of sudden commencement, and the equatorial and polar changes during main phase. These papers showed (as Chree had remarked forty years earlier) that the strengths of the initial and main phases of a storm were not necessarily correlated; a strong sudden commencement could be followed by a very weak main phase, and vice versa. On the other hand, they exhibited a close connexion between polar substorms and the strength of the main-phase variations, a fact of interest as connecting the polar substorms with the ring current. The relation between auroral motions and the polar substorms was also studied.
A little before his death, I asked Chapm an what parts of his work after 1953 he had found the most interesting. He replied, the work on thermal diffusion in highly ionized gases; the collaboration on magnetic storms with Sugiura and still more Akasofu; and that with Kendall, on instability along a magnetic neutral line and on noctilucent clouds. He had hoped to explain noctilucent clouds as due to thermal diffusion, but could not. The explana tion advanced with Kendall was that such clouds originate at the top of a convective layer, where water vapour convected up meets meteoric dust settling slowly down through the stable layer above.
Sometimes in reading his contributions during the last few years of his life one feels that he was trying to tidy up what he had left undone, or to make generally available, before it was too late, the wide knowledge that he had accumulated over the years. This is true of some of the research papers mentioned above; it is true also of some of his more historical works. For example, in 1967, to mark the fiftieth anniversary of the Chapman-Enskog theory, there appeared a volume of lectures in theoretical physics, concerned with modern aspects of the kinetic theory of gases; Chapm an contributed an interesting chapter, entitled 'Kinetic theory fifty years ago'. A similar historical article, concerned especially with the work of Birkeland on magnetic storms and auroras, appeared in 1968. Nevertheless, Chapman was still preparing for future work up to the last. A project initiated by him about two years earlier, on the more accurate determination of the ionospheric current-systems associated with L and Sq, had made considerable progress by 1970. In two 1970 papers, with Kendall, he launched out into a dis cussion of geomagnetic variations due to sea tides. Finally, at the time of his death he had just completed the manuscript of a new book with Akasofu, entitled Solar-terrestrial p h y s i c s , giving an account of terrestrial p arising from solar wave and particle radiations.
Those who knew Chapman all testify to his kindliness, persistence, simplicity and integrity. His kindliness was appreciated by successive generations of research students and junior colleagues; in times of difficulty one could always turn to him for helpful advice. He himself did his best to bridge the gap between himself and his juniors, especially in his last years, when they might have regarded him as beyond approach. Sometime-, his kindliness could be a little deceptive; some (not his closer associates) inter preted a soft answer as implying acceptance of a defective theory. However, he looked for the good points in such a theory, and did his best to separate his personal relations with its author from his views about the theory. His own early experiences with referees coloured his own approach to refereeing; he was reluctant to condemn outright, readier to give helpful advice.
His persistence was seen in the massive effort that went into some parts of his work, in the way he surveyed some problems (like the magnetic storm problem) for years before the final assault, and in his returning to topics time and again in order to complete their discussion. Nature said of him in 1940 (vol. 148, p. 160): 'His investigations of the lunar variation have involved the ordering and discussion of an immense mass of material such as would daunt the courage of all save the boldest and most clear-headed investigator.' The same could be said of his work on lunar atmospheric tides, and in his major kinetic theory papers he had to keep a massive set of equations under control. His papers were as complete as he could make them, trying to answer all the questions that might be asked; his books were the same.
The strength of his principles was shown as much by his war work in the Second World War as by his pacifism during the First; both were motivated by his belief in humanity and his opposition to those that violate humanity. He made contacts across the barriers of race and class. His actions were marked by devotion to duty (including scientific duty). He expected to find a similar devotion in others (who sometimes found it hard to live up to).
The recognition of what he took for granted was itself an encouragement to high standards in others. One could always rely on him, even when differences of opinion arose.
His simplicity and directness pervaded all else. If convinced that a course of action was reasonable he would take it, even if it meant defying conven tion. He was always ready to discard the outgrown, which others might wish 72 Biographical Memoirs to retain for sentimental reasons; he would not override them, but gently probed their attitudes so that he and they could see what underlay them. His scientific papers appeared simple because of his gift for simplifying a prob lem to its bare essentials. He was always ready to invent new and pungent words to replace long roundabout phrases; among the more im portant terms suggested or strongly advocated by him were scale height, atmospheric peaks and troughs, mesosphere, solar flares, geomagnetism and aeronomy. His simplicity also showed itself in lectures given to specialists in fields other than his; these were models of simplicity.
His simplicity came out also in his mode of life; he was satisfied with a simple room, and did not normally go in for elaborate meals. A place for work and for his papers were more im portant than creature comforts. Like wise he had little regard for titles of respect or honours from the state; academic honours he prized as much as being a tribute to science as a personal distinction. He had a distaste for any form of ostentation; he knew the value of his own work, but would not push himself in any way. He was big enough to make those who worked with him feel they had themselves gained stature in the process.
His distinctions and honours were many. He was in turn President of the London M athematical Society (1929) (1930) (1931) , Royal Meteorological Society (1932) (1933) (1934) , Royal Astronomical Society (1941) (1942) (1943) , M athematical Association (1945) (1946) , and Physical Society (1949) (1950) ; also, in a wider setting, of the Commission on Solar-Terrestrial Relations (1924) (1925) (1926) (1927) (1928) (1929) (1930) (1931) (1932) (1933) , the International Association for Meteorology and Atmospheric Physics (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) , the International Union of Geodesy and Geophysics (1951) (1952) (1953) (1954) , and the Special Commission for the International Geophysical Year (1953) (1954) (1955) (1956) (1957) (1958) (1959) . In addition to the Royal and Copley Medals of the Royal Society, he was also awarded the Chree Medal of the Physical Society (1941) (1969) . He was elected an honorary member of the Indian Academy of Science, the Norwegian, Swedish, and Finnish Academies, the Swedish Royal Society of Science, the National Academy of Science of the U.S.A., the Accademia dei Lincei, Rome, as well as of the New York Academy of Science, the Gottingen Academy of Science, the Leopoldina Academy, Halle, and the Royal Meteorological Society, the American Meteorological Society, and the Royal Society of Edinburgh. He received the honorary degree of D.Sc. from the Universities of Cambridge (1958), Alaska (1958), Michigan (1960) , Colorado (1962) , Paris (1962) , Exeter (1963) , Newcastle (1965) and Sheffield (1968) ; also an honorary D.Tech. from Brunei University (1968) and an honorary Ll.D. from Manchester University (1969) .
But for his death a month earlier, he would have received an honorary degree in July 1970 from Salford University, the lineal descendant of the Technical Institute where he had studied as a lad. However, he was able to return to visit Eccles, where he was born, in May 1969; he was taken round his old haunts, and was guest speaker at the Council's Mayoral Dinner. The list given above indicates the respect in which his work was held; his many friends throughout the world thought of him with like respect, but even more with affection.
In writing this account I have drawn information from a number of those who knew Chapman. These include his son Cecil Chapm an; M r D. Crawford, a friend over more than sixty years; and Professor V. C. A. Ferraro, Professor A. T. Price, Dr G. A. Newkirk and Dr S.-I. Akasofu. I wish to express my indebtedness to all of these, and to others not explicitly mentioned.
The photograph was supplied by Dr G. A. Newkirk, Director of the High Altitude Observatory, Boulder, Colorado.
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